Background and Purpose-Genetic variation in the EPHX2 gene region has been reported to influence susceptibility to ischemic stroke in blacks. We assessed the role of this gene region in white Europeans and performed analyses with regard to stroke subtypes. Methods-Twenty-six single nucleotide polymorphisms in the EPHX2 gene region were genotyped in 601 patients with ischemic stroke and 736 matched controls. Cases were subtyped according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification system. Analyses were done on single markers and haplotypes using a slidingwindow approach. Results-Three single nucleotide polymorphisms showed associations with an increased risk for ischemic stroke (allelic models; all PՅ0.01). One of them retained statistical significance after correction for multiple testing. Associations were observed with large-vessel stroke and stroke of undetermined etiology but not with other stroke subtypes. Conclusions-Our findings confirm and extend previous studies suggesting that genetic variation in or near the EPHX2 gene contributes to the risk of ischemic stroke. This association seems to be mediated predominantly by large-vessel disease. (Stroke. 2008;39:1593-1596.)
S oluble epoxide hydrolase (sEH) catalyzes the degradation of epoxyeicosatrienoic acids (EETs), which have numerous effects on the vascular system including vascular inflammation and atherosclerosis. 1, 2 Recent evidence suggests that variation within or near EPHX2, the gene encoding sEH, contributes to both coronary heart disease and stroke. 3, 4 Fornage et al reported associations between specific haplotypes in the EPHX2 gene region and risk of incident ischemic stroke (IS) in blacks. 3 However, stroke subtypes were not considered and the results in white Americans were less clear. We set out to (1) evaluate the potential role of EPHX2 in a large group of white European IS patients and (2) explore relationships with specific etiologic subgroups.
Materials and Methods
The study population consisted of 601 white European patients (mean age 64Ϯ13.9 years, 377 men) recruited from a single dedicated Stroke Unit at the authors' institution (Stroke Unit, Department of Neurology, Klinikum Großhadern, LudwigMaximilians-Universität, Munich). Brain imaging was performed in all patients, with the majority (475 patients, 79%) undergoing MRI including diffusion-weighted imaging. Diagnosis of IS was based on neurological symptoms in combination with a documented acute infarct on neuroimaging. Diagnostic workup included: ECG (100%), duplex sonography of the extracranial arteries (100%), transcranial ultrasound (Ͼ90%), MR angiography (40%), and transthoracic echocardiography (60%). Holter monitoring and transesophageal echocardiography were performed if indicated.
Patients were subtyped using the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification system (supplemental Table I , available online at http://stroke.ahajournals.org). Stroke etiologies were as follows: large vessel, nϭ186; cardiac embolism, nϭ143; small vessel, nϭ86; other etiology, nϭ45; undetermined, nϭ141. The control group consisted of 736 unrelated individuals (mean age 62Ϯ11.7 years, 447 men) selected from the populationbased KORA sample. 5 Controls were matched for age and gender and were free of a history of previous stroke or transient ischemic attack, no other exclusion criteria were used.
Selected single-nucleotide polymorphisms (SNPs; Figure) included all informative SNPs from the previous investigation 6 and additional SNPs to depict all genetic variation with a minor allele frequency Ն0.05 and an r 2 Ͼ90% (source: www.hapmap.org). Genotyping was performed with MALDI-TOF MS technology. The genotyping error rate was 0.1%. A sliding window approach (2 and 3 markers) was used for haplotype analyses. Case-control analyzes were done using 2 tests. We tested polymorphic SNPs for correlation with overall IS and TOAST subgroups while applying both genotypic and allelic models. To correct for multiple testing, the Westfall/Young Permutation Method was applied which accounts for the dependence structure between SNPs, phenotypes and models. 7 
Results
Allele and genotype frequencies for all SNPs were in HardyWeinberg equilibrium in both cases and controls. Pairwise linkage disequilibrium between SNPs in the EPHX2 gene region is presented in supplemental Figure Ia and Ib.
Overall Ischemic Stroke
Single marker tests based on an allelic model revealed associations between the minor alleles of SNP 9, SNP 14 and SNP 23 and an increased risk for IS (Table) . Following correction for testing of multiple SNPs, a significant association was found for SNP 23 with an odds ratio of 1.53 (Pϭ0.02). The same 3 SNPs showed significant uncorrected probability values when applying a genotypic model (supplemental Table II ). Haplotype analyses also showed significant associations but did not increase significance beyond that observed by the analysis of single SNPs (supplemental Tables III and IV .95), a haplotype containing the associated alleles of these three SNPs can be found and the corresponding odds ratio is 1.514 (1.14 to 2.01) with a probability value of 0.003.
Etiologic Subgroups
The three SNPs showing associations in the overall, unselected sample were related specifically with large-vessel stroke and stroke of undetermined etiology, but not with other subtypes. The odds ratios for these associations ranged from 1.51 to 1.73 (supplemental Table V 
Discussion
The observed associations between genetic variation in the EPHX2 gene region and risk of IS in white Europeans confirm and extend the initial findings on incident IS in the ARIC study. 3 Three SNPs showed significant associations with overall IS. SNP 23 displayed the strongest association, which remained significant after correction for multiple testing. The associated variants identified here differ from those reported in the initial study. 3 Population differences in genetic background and different patterns of association between as yet unidentified high-risk alleles and marker alleles or haplotypes might explain the different associations observed in the 2 studies. Extending the analyses by Fornage et al, 3 we performed subgroup analyses according to stroke etiology. The SNPs linked with IS in the overall sample were associated with both large-vessel stroke and stroke of undetermined etiology but not with other subtypes. The association with large-vessel stroke is consistent with a role of EPHX2 in atherosclerosis, and with recent data showing that specific haplotypes in EPHX2 modify the risk of coronary artery disease in white Americans. 2 The association with stroke of undetermined etiology might also relate to atherosclerosis because this category includes both patients with multiple competing etiologies and patients with isolated low-grade stenosis of an upstream artery. SNP 14 and SNP 23 are located within introns (Figure) and their functional relevance remains unknown. In contrast, SNP 9 causes an amino acid change in the sEH protein (R287Q). The 287Q allele has previously been shown to reduce the activity of sEH to 25% to 58% of the wild-type enzyme in vitro 8, 9 and is thus expected to increase EET levels in vivo. In general, EETs seem to have anti-inflammatory and vasodilatory effects. Moreover, the 287Q variant has been demonstrated to enhance neuronal survival after ischemic injury in a cell culture model, 10 and an sEH inhibitor has been shown to reduce infarct size in an experimental stroke model. 11 Thus, a protective effect of the 287Q allele on stroke and cardiovascular disease might be expected. Yet, we found an association with increased risk for IS for the 287Q allele. This conflicts with the experimental data mentioned above 8 -11 but is in line with findings from the CARDIA study, which showed an increased risk for coronary artery calcification in blacks for the 287Q allele. 6 Additional studies are needed to fully understand the effects of this variant in vivo. Alternatively, the 287Q allele might not be causative itself but instead represent a marker for an unidentified high-risk allele in linkage disequilibrium with this polymorphism.
A major strength of the present study was the use of a large, carefully phenotyped sample and rigorous control for testing of multiple SNPs which was not performed in the initial study. 3 A potential limitation of our study is the lack of a correction for vascular risk factors, which was not possible because of incomplete information in some subjects. Part of the study population was phenotyped retrospectively reviewing all available information (discharge reports, patient files, CT and MR images, results of laboratory tests, etc) and in those early cases, absence of risk factors was not explicitly documented. Therefore, we considered the information on risk factors to be not sufficiently reliable and decided not to use it for a multivariate analysis. Future studies may consider gene-environment interactions including an account of cigarette smoking. 2 
